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suMMARY The effect of isosorbide dinitrate (ISDN), 5 mg sublingually, on the diameters of coronary

artery stenoses (n=27) was examined in 20 patients. Another 18 patients with angiographically normal
coronary arteries received the same amount of ISDN and were used as controls. Prestenotic and stenotic
diameters were measured with a vernier calliper having an accuracy of 0 05 mm. The degree of stenosis
was expressed as percentage of cross-sectional area reduction. ISDN caused uniform dilatation of
every normal epicardial artery; mean increase in diameter was 21 per cent (range: 17 to 26%). In 18
stenoses (28 to 95% obstruction) there was very little change after ISDN. The mean prestenotic diameter
increased from 2-82 ±048 mm to 3 05 ±043 mm and the mean stenotic diameter from 1-45 +0-49 mm
to 1-59±0'51 mm. However, in the nine other stenoses (35 to 89% obstruction) the mean degree of
obstruction decreased significantly from 68±15-6 per cent to 47±15-6 per cent after ISDN. This
improvement was a result of a significant increase of the mean stenotic diameter from 1-71 0-47 mm
to 2-41 ±0 55 mm, whereas the prestenotic diameter showed only an insignificant increase from 3-17 ±
0-63 mm to 3-31±0-58 mm after ISDN. In four patients with two obstructions in different coronary

branches ISDN dilated one without significantly affecting the other lesion. From these data we conclude
that ISDN can dilate some coronary artery stenoses but that this response may vary from one site to
another even in the same patient.

Administration of nitrates constitutes one of the
more important treatments for the relief of angina.
The beneficial effect is dually attributed to the
reduction of left ventricular preload by venous
pooling and afterload by reducing systemic blood
pressure.1 2 The combination of these effects
results in a decrease in left ventricular volume and
wall tension, hence lower myocardial oxygen
demand. However, from numerous studies3-6 we
have also learned that in man, nitrates dilate epi-
cardial coronary arteries. Since any increase of
luminal area in an obstructed coronary artery
segment should improve blood flow substantially,7 8
some of the therapeutic effects of nitrates may be
attributable to dilatation of coronary artery stenoses.

Using a recently developed morphometric method
for the exact measurements of coronary artery
diameters,9 10 this study examines the influence of
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sublingually administered isosorbide dinitrate
(Isordilt) on the diameter of coronary arteries,
with particular emphasis directed towards its effect
on coronary artery stenoses.

Method

Two different groups of patients were entered in
the study. The first group is composed of 18
patients evaluated for chest pain and in whom
normal coronary arteries were found at angiography.
The second group included 20 consecutive patients
in whom clearly defined stenoses in one or more of
the three major coronary branches were readily
recognised in at least two different projections on
angiography. In both groups the coronary angiogram
was repeated five minutes after administration of
5 mg isosorbide dinitrate sublingually. In both the
initial and the repeat coronary angiogram, coronary
artery diameters were measured at the same sites
from the screen of a Tagarno projector using a
tIsordil was supplied by Ives Laboratories, New York
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vernier calliper as described previously.10 The
enlargement factor caused by the image magnifier
and the projection was approximately threefold and
was determined exactly by comparison with the
measurement of the catheter tip placed in the
coronary ostium.

In angiographically normal coronary arteries
only the arteries running nearly parallel to the
image plane were measured in the different projec-
tions. Thus, we assessed the left anterior descending
artery in the right anterior oblique projection,
whereas the left circumflex and the main trunk of
the right coronary artery were measured in the left
anterior oblique projection. To minimise errors

from pincushion distortion which can average as

much as 7 per cent, the measurements were con-

sistently performed near the central x-ray beam.
Though we were unable to find any change in
lumen diameter during the cardiac cycle, we

always measured at end-diastole in order to elimin-
ate blurring effect from rapid heart movements as

well as errors caused by axial or spatial rotations.
In coronary arteries with obstructions, measure-

ments were obtained from the prestenotic segment
(5 to 10 mm before the stenosis) and from the
narrowest portion of the obstruction. Taking into
account the eccentric lumen of many obstructions,
coronary lesions were measured in at least two
different projections before and after isosorbide
dinitrate. The degree of each stenosis was calculated
by the formula:

Dsten'2Per cent area stenosis = 1 x 100
Dnorm2

In this formula Dnorm is the diameter of the angio-
graphically normal prestenotic vessel segment and
Dsten the average stenotic diameter calculated as

arithmetic mean of the measured stenotic diameters
in different projections. This calculation uses the
formula of the surface area of a circle (A =7tr2) to
determine the respective cross-sectional area.

Validation of this method has been established
previously.10
To minimise observer bias and variability all

angiograms were assessed by the same observer in
a random sequence. Results are expressed as mean

± 1 standard deviation (SD). The significance of a

difference was assessed by the two-tailed paired
Student's t test and a p value of < 0 05 was regarded
as statistically significant.'

Results

Table 1 illustrates the diameter changes of normal
coronary arteries after administration of 5 mg

isosorbide dinitrate. The portion of the left anterior
descending artery from its origin to the apex of
the heart and the portion of the right coronary
artery from its aortic orifice to the crux cordis were
arbitrarily subdivided into a proximal, middle, and
distal third. The left circumflex artery between its
origin and the most distal obtuse marginal branch
was divided into a proximal and a distal half.
We compared measurements before and after
administration of the nitrates, and in all these
segments of normal coronary arteries there was a
uniform and significant increase of vessel diameter.
After isosorbide dinitrate the calibre of enlargements
ranged from 17 to 26 per cent.

Table 2 summarises the results obtained before
and after administration of isosorbide dinitrate to
patients with coronary artery stenoses. A total of 27
obstructions, 10 in the left anterior descending
artery, four in the left circumflex artery, and 13 in
the right coronary artery were examined. In 16
patients with 18 stenoses, ranging from 28 to 95 per

Table 1 Effect of isosorbide dinitrate 5 mg sublingually
on the diameters (mm) of normal coronary arteries

Coronary artery Before Isosorbide After
segment dinitrate

LAD
Proximal 3 0 ±011 3-5 ±0-13*
Middle 2-5 ±0-08 3 0 ±0 10*
Distal 1-6 ±0 12 2-0 ±0-12*

LCX
Proximal 2-7 ±0 10 3-4 ±0.10*
Distal 2 4 ±009 2-9 ±0 11*

RCA
Proximal 3-2 ±0-12 3-8 ±0-13*
Middle 2-9 ±011 3-5 ±0-12*
Distal 2-6 ±0 11 3-1 ±0-13*

*p < 0 05. LAD, left anterior descending artery; LCX, left
circumflex artery; RCA, right coronary artery.

Table 2 Effect of isosorbide dinitrate 5 mg sublingually
on coronary artery stenoses

Before Isosorbide After
dinitrate

Group A (n = 18)
Degree of stenosis (%O area) 70 ±17 300 69 ±17-5%t
Prestenotic diameter (mm) 2-82 ±0 48 3-05 ±0-43t
Stenotic diameter (rmm) 1-45 ±049 1-59 ±0-51t

Group B (n =9)
Degree of stenosis (% area) 68 ±15-6% 47 ±15-6%*
Prestenotic diameter 3-17 ±0-63 3-31 ±0 58t
Stenotic diameter (mm) 1-71 ±0-47 2-41 ±0t55*

Group A = 16 patients; Group B =8 patients; n=number of
stenoses. *p < 0.025; t NS; ip < 0 05.
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cent area, isosorbide dinitrate had virtually no
effect (group A of Table 2). The degree of obstruc-
tion before and after isosorbide dinitrate averaged
70±17-3 per cent and 69±17-5 per cent, respec-
tively. The prestenotic diameters showed variable
changes after nitrate, ranging between -6 and +27
per cent of the original diameter, but the average
increase in prestenotic diameter did not exceed
8 per cent (from 2-82 ±048 mm to 3 05 ±0 43 mm).
The average stenotic diameter increased only by
10 per cent (from 145 ±049 mm to 1-59 ±0-51
mm). None of these differences was significant.

In contrast, in eight other patients with nine
stenoses (group B of Table 2) isosorbide dinitrate
significantly enlarged the stenotic diameter. In this
group the degree of stenosis before the nitrates
ranged from 35 to 89 per cent area stenoses and
the mean decrease in the degree of stenoses after
isosorbide dinitrate was 32±10 per cent. The
stenotic diameters increased in all these stenoses
and the range varied between +8 and + 83 per cent
(mean 44±22%). The prestenotic segments,
however, showed a non-uniform response since the
changes in the measured diameters varied between
-11 and +50 per cent, but the average increase in
prestenotic diameter was only 4 per cent (from
3-17 ±0-63 mm to 3-31 ±058 mm) and not signifi-
cant. The significant (p <0025) decrease in the
average degree of stenosis from 68 ±15-6 to 47
± 15-6 per cent can therefore unequivocally be
attributed to a significant increase of the mean
stenotic diameter that enlarged from 1 71 ±0 47 mm
to 2 41 ±0 55 mm.

Discussion

Nitrates cause generalised relaxation of vascular
smooth muscle. Dilatation of large coronary arteries
after administration of nitrates has repeatedly been
shown angiographically. In the intact coronary
arterial system the resistance to flow is mainly
regulated at the precapillary level and is greatly
influenced if not completely determined by the
metabolic demands of the myocardium. Therefore,
dilatation of the "'conduit" vessels should not be a
major determinant of coronary blood flow. Our own
results examining the effect of nitrates on normal
coronary arteries are in complete accordance with
those studies previously reported.5 6

In contrast to the uniform dilatation observed in
normal coronary arteries after administration of
isosorbide dinitrate, a distinctively different response
to the same dose of nitrates was observed in patients
with coronary artery disease. Though in the
majority of coronary artery stenoses the degree of
obstruction was not significantly diminished by the

nitrates, no less than one-third of the obstructions
showed evidence for a significant decrease in the
degree of stenosis. In the group without response
the absence of a substantial decrease in the degree
of stenosis is probably the result of fibrosis and/or
calcification of the diseased vessel. Numerous
anatomical studies have shown that foci of calcifi-
ation can occur in almost every arteriosclerotic
lesion. Calcium deposits develop independently of
the severity of coronary stenosis and have sometimes
been shown to invade the whole vascular circum-
ference.'2 13 Even in the prestenotic segment,
which always appeared normal in our angiographic
study, undetectable intramural calcium deposits
could resist pharmacological dilatation in spite of
adequate relaxation of the vascular smooth muscle.
Most importantly, this study shows that stenoses

of any degree and at any site can dilate in response
to nitrates. In other words, the chance for a bene-
ficial response to nitrates is as good in a stenosis with
high degree of obstruction as in a stenosis with a
low degree of obstruction. In four patients with
two stenoses each, isosorbide dinitrate dilated one
stenosis without affecting the other, showing that
there can be a different response by different
stenoses even in the same patient.

Since stenoses can dilate as shown in the present
study and constrict'4 after pharmacological manoeu-
vres, it seems reasonable to assume that tonic
dynamic changes will often and perhaps continu-
ously influence the stenotic cross-section area.
Optimal evaluation of coronary artery lesions will
thus need to include a more detailed assessment of
the functional anatomy of coronary artery stenoses.
Non-uniform responses of different segments of

the coronary tree have already been observed by
several authors.'520 Most of them focused on the
difference between large and small coronary
arteries and attributed the variable response to
different neural receptors,'6 16 different smooth
muscle cell membrane properties,"'-9 or even to a
different pharmacological behaviour of smooth
muscle.20 Sympathetic stimuli normally dilate
epicardial coronary arteries but constriction usually
occurs after beta-receptor blockade.2' A comparable
observation was made when serotonin, a potent
dilator of coronary arteries, was shown to cause
vasoconstriction when there was decreased neuro-
genic tone.22 From these and similar observations
it is apparent that the pharmacological response of
coronary arteries can change and that it is greatly
affected by variations of autonomic nervous in-
fluences. A similar mechanism involving abnormal
autonomic discharge in the atherosclerotic segment
could interfere with the usually expected vasodilata-
tion produced by nitrates.
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